Examination. On examination we observed a wellnourished Hispanic woman with no apparent distress. Her neck was supple with mild tenderness along the cervical spine and cervicothoracic junction of the column. Neurologically, she exhibited muscle weakness (Grade 4-/5) and sensory deficit of the left upper and lower extremities with long tract findings on the left as well. The right upper and lower extremities were normal.
Admission CT scanning ( Fig. 1 ) and MR imaging (Fig. 2 ) revealed hypertrophy and ossification of the ligamentum flavum, bilaterally, from C-2 to T-3, resulting in severe C3-7 canal stenosis with severe cord compression. The anteroposterior diameter of the canal at C-5 measured approximately 4.2 mm. The dura mater was also calcified at the same levels mentioned above. There was no subluxation, neural foraminal narrowing, or vertebral joint hypertrophy. We found no evidence of DISH, OPLL, and other ligamentous pathologies or ectopic bone formations.
Operation. The patient was diagnosed with idiopathic hypercalcemia, likely due to increased gastrointestinal tract absorption of calcium. Her renal function improved with aggressive hydration and cinacalcet (Sensipar, Amgen Inc). Once her medication levels were optimized, she was brought to the operating room. Anesthesia was induced following fiberoptic intubation, the patient was placed in the Mayfield head holder, and somatosensory and motor evoked potentials were established at baseline, intraoperatively, and postoperatively. Instrumentation was applied from C-2 to C-7. A C2-7 laminectomy was then performed using a high-speed drill, a forward-angled curette, and a Kerrison rongeur. A markedly hypertrophic, partly ossified ligamentum flavum was then encountered. Resection was performed in piecemeal fashion at C7-T1 with rongeurs until the dura could be appreciated. Blunt dissection was conducted ( Fig. 3 and Video 1).
ViDeo 1.
Intraoperative video recorded using the operative microscope. Cranial is the left lower portion of the screen and caudal in right upper portion of the screen. The ossified part of the ligamentum flavum is removed with a combination of blunt and sharp dissection. A curette is used to identify the plane laterally. Metzenbaum scissors are then used to sharply amputate the ossified ligamentum flavum, which is then reflected cranially and dissected away from the dura with blunt dissection using a No. 4 Penfield instrument. Click here to view with Windows Media Player. Click here to view with Quicktime.
We observed several areas of OLF that were indistinguishable from underlying calcified dura (Fig. 4) . A small durotomy was repaired in primary fashion with muscle patch and fibrin glue after we failed to reapproximate the calcified dura with suture. Once a generous decompression was achieved from C-2 through T-1 and confirmed at each level by direct palpation with a Woodson device, the instrumentation was extended to T-2 caudally and the construct was then completed with titanium rods and cross-link connectors. Finally, we applied graft material that included local and iliac crest nonstructural autograft, nonstructural allograft, and an internal bone growth stimulator. Both somatosensory and motor evoked potentials were stable throughout the surgery. The patient was transferred to the neurosurgical intensive care unit in stable condition.
Postoperative Course. The patient experienced complete resolution of her neck pain, weakness, and numbness of the left upper extremity. Cervical CT scanning revealed a wide and adequate decompression of the spinal cord, especially at C5-6. On her discharge on postoperative Day 7, motor examination revealed no weakness; Grade 5/5 strength in all muscle groups; and no upper motor signs. At the 1-month follow-up visit, the patient reported significant improvement in her mobility, gait, and left-hand clumsiness.
Pathological review of the tissue submitted was inconclusive. Calcification and crystalline deposits were identified, but the composition of the crystals could not be elucidated as the specimen was placed in formalin. Nodules of giant cells and granulomatous reaction were also seen.
Discussion

Ossification of the Ligamentum Flavum
The ligamentum flava are broad paired spinal liga- ments that connect the adjacent laminae of the vertebral column extending from C-2 to S-1.
9,27,52 Each pair attaches to the anteroinferior surface of the superior lamina and the posterosuperior surface of the inferior lamina. 9, 49 The ligamentum flavum originates bilaterally at the articular processes on either side of the nerve roots and extends posteriorly along the lamina to midline. 9 At the midline, the ligamentum flavum is partially fused with the contralateral side. 9 It is composed of longitudinal elastic connective tissue. 27 The ligamentum flavum functions as an elastic band aiding the spinal column in resuming neutral position after flexion and extension motion. 9, 49 Ossification of the ligamentum flavum is characterized by replacement of the structure by ectopic bone formation through endochondral ossification. 34, 49, 52 It is an enthesopathy in which the normal fibrous structure of the ligamentum flavum is lost and replaced by hypertrophied fibrous tissue, rich in fibrocartilaginous cells, that has an increased affinity for calcium deposition and serves as promoter for chondrometaplasia. 22 Ossification results from progressive replacement of the hypertrophied ligamentum flavum by lamellar bone through endochondral ossification of the vascularized fibrocartilaginous tissue starting at the densely adherent ligamentous-osseous junction (enthesis) then extending along the ventral aspect of the ligament. 22 Histological studies have found ossification along the yellow ligaments, fewer elastic fibers, and more fibrocartilaginous cells, premature osteons, and osteoblasts. 47 Heterotopic ossification occurs by fibroblast proliferation, followed by chondroblast formation in which the chondroblasts transform into osteoblasts. 44 In a study by Zhong et al., 52 cultured OLF cells were shown to express osteocalcin (a maker of osteoblasts) and collagen Type II (a marker for chondrocytes), confirming that OLF cells have osteoblast and chondrocyte phenotypes. 52 Ossification of the ligamentum flavum has been di- vided into 5 types based on extent/location of the ossification. 29 The lateral type, Type I, is located only laterally at the origin of the ligamentum flavum at the articular processes. 29 The extended type, Type II, extends from the lateral origin of the ligamentum flavum to the interlaminar portion of the ligamentum flavum. 29 The enlarged type, Type III, protrudes into the canal posterolaterally but is not fused in the midline. 29 The fused type, Type IV, consists of bilateral ossified ligaments that are fused at the midline with a groove at the fusion in midline. 29 Type V, the tuberous type, occurs when the fused ossified ligamentum flavum forms a "tuberous" mass posteriorly in the midline, which protrudes into the spinal canal. 29 Computed tomography and MR imaging are the imaging modalities of choice. Radiography generally lacks the sensitivity to identify OLF. Computed tomography, with the use of bone windows, produces the most accurate information regarding location, size, and extent of the disease. Ossification of the ligamentum flavum begins laterally at the facet capsule and grows medially, as previously discussed. This process results in the V-shaped appearance of calcification on axial CT scans. 34 This is also the reason that the calcification is best identified on sagittal CT scans. Additionally, CT is useful in determining whether the dura is involved in OLF. Muthukumar 29 defined two reliable signs on CT scans that demarcate dural involvement in OLF: the tram track sign and the comma sign. The tram track sign is a hyperdense bony excrescence with a hypodense center. 29 The comma sign is ossification of one-half of the circumference of the dura. 29 This is important to identify preoperatively because this may change the approach/manner of the laminectomy and decompression. Magnetic resonance imaging is useful in demonstrating the extent of spinal cord compression and identifying underlying spinal cord injury (the high signal intensity on T2-weighted images) and the compressive lesion. 43 Calcification of the ligamentum flavum is often confused with OLF. Histologically, CLF is composed of degenerated ligamentum flavum and with calcified granules consisting of calcium pyrophosphate dihydrate and hydroxyapatite, whereas OLF contains ectopic bone produced through endochondral ossification. 18, 50 An additional difference is that CLF often affects women in the cervical spine, whereas OLF is more predominant in men in the thoracic and lumbar distributions. 18 Radiographically, CLF reportedly involves only one interlaminar segment and is not contiguous with or only partially in contact with the laminae, which is most readily distinguished on sagittal CT scanning. 49 Ultimately, the distinction between OLF and CLF is based on the pathological specimen.
Management
Ossification of the ligamentum flavum presents most often as a myeloradiculopathy. Patients usually present first with sensory deficits, followed by limb weakness, and later gait disturbance. 34, 45 Lateral OLF lesions have been associated, although rarely, with radiculopathy due to nerve root compression. 34 As previously mentioned, OLF often can occur in a noncontiguous manner. We advise, prior to surgical intervention, a thorough screening of the spinal axis and confirmation that the clinical symptoms match the location of disease.
To date there are no pharmacological therapies for OLF. At best, management of the underlying cause may slow progression of the disease. The majority of these patients, however, do not come to medical attention until they are symptomatic. Once myelopathy develops, the only treatment option is surgical decompression.
The literature has described laminoplasty, laminectomy, and laminectomy with fusion as surgical options. Li et al. 22 performed decompressive surgery in 40 patients for thoracic OLF. They compared laminoplasty to laminectomy with fusion. They did not undertake laminectomy as a stand-alone procedure due to the reports of late-onset kyphosis. 22 They performed 4 laminoplasty procedures: symptoms in 1 patient improved (25%) and symptoms in 3 patients (75%) were unchanged or worse (and 2 of these 3 patients developed late-onset kyphosis). In the laminectomy and fusion group, 83% of the patients had a "good or fair" outcome and symptoms in 17% were unchanged or worse. The authors concluded that laminoplasty yielded an insufficient decompression, and hence the poor result, was associated with kyphotic deformity, and was technically difficult given the adherence of the OLF to the dura. 22 They found decompressive laminectomy and fusion to be the superior surgical management. 22 This procedure allows aggressive, wide decompression and limits motion and thus microtrauma, which some postulate may be the source of the OLF. 22 Of note, an ossified ligamentum flavum can be very adherent to the dura, with rates in the literature ranging from 11% to 62%. 29 Specifically, the enlarged, fused, and tuberous types are associated with a high incidence of dural ossification. 29 The benefit of complete resection of the ossified ligamentum flavum and involved dura, compared with decompression leaving a portion of ossified dura, has not been described in the literature. While complete resection in OLF, including the involved dura, is ideal, wound healing and CSF leakage can pose a substantial problem even with a dural graft, tissue glue, and possible lumbar drainage. 29 Different laminectomy techniques have been posed to address the adherent dura: an en bloc approach, a "separating" laminectomy, and microsurgical drilling. The en bloc laminectomy is performed in a standard fashion by drilling through the lamina bilaterally and then removing the bone in a lobster-tail manner. 22 The separating laminectomy involves removing the spinous process, drilling the midline down to the dura, and bilateral drilling of the mid-facet joint in an attempt to remove the ossified mass, medial to lateral. 22 Finally, complete resection of the lamina and ossified ligamentum flavum through microsurgical drilling has also been advocated. 8 The only factor associated with poor neurological outcome is the presence preoperatively of an intramedullary hyperintense signal on MR imaging. 49 Dural ossification has been associated with a complicated hospital course including higher rates of CSF leakage and meningitis, but no effect on long-term neurological function has been reported. 25 Factors associated with good outcomes included a short duration of mild clinical symptoms, 1, 38 single-level disease, 21 and unilateral lesions. 21 Complications noted in the literature include paralysis, likely due to spinal cord manipulation in adherent, stenotic cases; epidural hematoma; CSF leakage; and delayed kyphosis.
25,49,51
Metabolic Associations
The cause of OLF remains unclear, despite its identification 90 years ago. It has been described in association with hyperostotic syndromes including OPLL, DISH, and ankylosing spondylosis. 26, 27, 43 It has been thought to be linked to metabolic derangements including diabetes mellitus, hyperinsulinism, impaired glucose tolerance, obesity, Paget disease, hemochromatosis, fluorosis, X-linked hypophosphatemia, and hypoparathyroidism. 12, 24, 27, 43, 47 Additionally, mechanical stress, trauma, and genetics have been suggested as contributing factors associated with OLF. 29 A number of factors in our case are unique: the patient is a young, Hispanic female with idiopathic hypercalcemia and OLF in nearly the entire cervical spine, extending from C3-T2. Wang et al. 47 studied the calcium level in ligamentum flavum in normal patients, those with degenerative disease, and those with ossified disease. They found statistically significant higher levels of calcium in the ligamentum flavum in patients with OLF and degenerative disease compared with normal patients. Interestingly, they also evaluated the serum levels of calcium in the same 3 patient groups and found no difference. 47 Vitamin D-resistant rickets has also been associated with OLF. Patients with this disorder, however, have low serum phosphate and slightly lower serum calcium levels. 46 Our patient suffered from chronic kidney disease secondary to idiopathic hypercalcemia; the cause of chronic kidney disease in this case was 2-fold. She had previously suffered from kidney stones requiring placement of ureteral stents. Additionally, she had intrinsic renal failure demonstrated by elevated serum creatinine and decreased glomerular filtration rate. Renal insufficiency secondary to hypercalcemia can be to the result of different mechanisms including arteriolar vasoconstriction, alterations in glomerular permeability, nephrocalcinosis, and nephrolithiasis. 28 Parathyroid hormone has an interesting effect on bone formation. It regulates the serum calcium levels indirectly by stimulating osteoclasts. When given in continuous manner, PTH causes bone resorption and an increase in serum calcium, but when administered in an intermittent fashion, it causes bone formation and a decrease in serum calcium. 19 Additionally, PTH-related protein modulates proliferation and differentiation of chondrocytes and subsequently endochondral bone formation. 40 Both PTH and PTH-related protein have been suggested as possible links to ossification of spinal ligaments.
Hyperinsulinemia is another metabolic abnormality associated with ectopic bone formation within the spinal ligaments, specifically in OPLL. 39 Specifically, noninsulin-dependent diabetes mellitus has a higher incidence of OPLL and DISH compared with insulin-dependent diabetes. This difference is thought to be secondary to the higher levels of circulating insulin in patients with NIDDM. 39 The suggested roles insulin plays in hyperostosis include stimulating intestinal calcium absorption 39 and stimulating the proliferation of bone morphogenic protein-2-induced osteogenic differentiation. 23 Insulin-like growth factor-I is upregulated in NIDDM as well as acromegaly and has been linked to increased bone mineral density. 16, 37 As previously noted, OLF is seen in association with other hyperostotic syndromes such as OPLL. In a review by Guo et al. 11 13 studies of tandem OPLL and OLF were reviewed. They found that 53% of the patients had thoracic OPLL and thoracic OLF, 23% of which were at the same level. Despite OPLL commonly occurring in the cervical spine, tandem cervical OPLL and cervical OLF only occurred in 1.4% of the patients. The remaining 45.6% had noncontiguous lesions-OPLL and OLF in different spinal regions.
Kawaguchi et al. 17 demonstrated that growth factors play a significant role in hyperostosis of the spinal ligaments. They performed immunohistochemical analysis on surgically obtained posterior longitudinal ligament during decompression surgery for OPLL. They found bone morphogenic protein-2 and transforming growth factor-b at the site of ligamentous ossification, but not in normal ligament obtained in the same patient, 17 indicating these growth factors play an essential role in ossification of the spinal ligaments. The upregulation of these elements within the OLF (as well as in OPLL) 6 suggests a role of inflammation in the development of this condition and may serve as a target for future medical therapies in halting its progression.
Conclusions
Ossification of the ligamentum flavum is a well-established disease entity, but there is much to be learned about the underlying mechanism. We present a case of a young, Hispanic female with idiopathic hypercalcemia and OLF from C2-T3.
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